Abstract-Ferroelectric capacitors based on thin films such as lead zirconate Titanate(PZT) and strontium bismuth titanate (SBT) have capacitance density and significant spontaneous polarization. DC-DC switching polarization switching converter is presented in this paper with the utilization of ferroelectric capacitor. The topology used in this converter is series and parallel which is analyzed using calculations, simulation and experimental results. The performance of these converters are compared with linear capacitors. Due to polarization switching, these converters show better performance in terms of higher output power compared to linear capacitors.
I. INTRODUCTION
DC to DC power converters are widely used in power management systems to derive various voltage and current levels from a reference voltage. Most of the converters widely used are inductor-capacitance based. Implementation of high performance on-chip inductors is a very difficult task in modern very large scale integrated circuit technology because of poor isolation from substrate and high series resistance due to limitations on the thickness of metallization. In addition, inductors give rise to electromagnetic interference due to emissions. In 1974, capacitor based DC-DC converters known as charge pumps were developed to step up voltage to use them in electrically erasable programmable memory and flash memory cells [1] . But the main problem in these circuits are their low power supplying capability compared to inductor based Buck and Boost converters. This was mainly due to small value of capacitors that can be realized in CMOS technology. Modified approaches to implement DC-DC converters were proposed by a group of researches [2] [3] [4] . These include topologies of capacitors connected in series and parallel and switched with non-overlapping clocks to implement step-up and step-down output voltage with respect to input voltage. Fig.1 shows the typical step-up configuration implemented with a linear capacitor. During phase 1, the switches S1, S2, S4, S5 and S7 are turned on so that the capacitor C1, C2 and C3 are connected in parallel and charged to input voltage V1. During phase 2, the capacitors C1, C2, C3 are connected in series resulting in increased voltage at the output and discharging through load capacitor CL and load resistor RL. In this work, we are replacing the linear capacitor with a ferroelectric capacitor as shown in Fig.2. Fig.3 shows the polarization versus applied voltage for a ferroelectric capacitor fabricated with PZT films. PZT films have large dielectric constant and also exhibit switching current due to polarization reversal. Therefore, the size of on-chip capacitor for a given capacitance with PZT will be very small compared to capacitor fabricated with linear dielectric thin films such as silicon dioxide. The polarization switching current is also significant resulting in large output current in the power converters.
Polarization switching converters with ferroelectric capacitors for step-down DC-DC converters has been already proposed [6] . In this paper we propose step up converter using ferroelectric capacitors. The main problem to design a step up converter is to scale the capacitance of capacitors so the voltage across the capacitor can be switched from positive to negative and vice versa to obtain switched polarization current. Preliminary work shows that power converters with polarization switching show higher output current compared to linear capacitor based converters and depends on the input voltage, switching frequency and output load. During phase 2, the output voltage at time t=0, is 3Vin, due to addition of voltages across the capacitors since the capacitors are connected in series. The output voltage at the load will be a function of time for t >0, due to discharge of capacitors and is given by = 0
Where T is the time constant = RLCeq Ceq= 1/[1/C1+1/C2+1/C3] and RL is the load resistance (3)
The voltage across each capacitor depends on the capacitance values. In the case of ferroelectric capacitor, the reversal in polarity of the voltage across the ferroelectric capacitor with respect to coercive voltage Vc (coercive electric field x thickness of ferroelectric) results in large switching current due to reversal of polarization. By choosing C1 to be much smaller than C2 and C3, C1 will discharge faster than C2 and C3 resulting in rapid drop of voltage across it.
With load, the converter output resistance is found as follows
Where aci is the charge multiplier=qi/qo where qi is the input charge and qo is the output charge and fsw is the switching frequency. The total energy stored in the capacitors is given by = ∑ * (5) Where Ci is the capacitance value with i=1 to3, and Vci is the voltage across them.
Then, RSSL equation can be written as a function of total energy, charge multiplier, switching frequency and voltage across the capacitor as follows:
III. SIMULATION AND EXPERIMENTAL RESULTS:
A. Converter Simulation Results The step up converter circuit shown in Fig.2 was simulated with LTSPICE software. The following results are based on the use of ideal switches and ferroelectric capacitor model developed in reference [5, 6] .The zero bias capacitance of ferroelectric capacitor C1 is 2 nF, Pr= 10μC/cm 2 , Ec=1V and capacitors C2=C3=100nF. The load resistance is 5k and the load capacitor = 100nF. Table 1 shows the simulated output voltage with linear and non-linear ferroelectric capacitors with clock switching frequency for an input voltage of 2V. 
B. Experimental Results:
The DC-DC converter was assembled on a RF bread board with discrete components such as ALD 4213 CMOS analog switches and ferroelectric PZT capacitor. Fig. 5 shows the polarization versus applied voltage characteristic of the ferroelectric capacitor as determined by Sawyer-Tower Circuit. The variation of converter output voltage with switching frequency for an input voltage of 1V and 3V are shown Fig.7 and Fig.8 respectively. For an input voltage of 1V, the increase in output voltage with switching frequency for ferroelectric capacitor converter is close to that of linear capacitor and this might be incomplete on non-switching of polarization in the ferroelectric capacitor due to voltage lower than coercive voltage. With Vin = 1V, and RL = 5k, the maximum and minimum voltage across C1 is 0.94 V and -1.88 V respectively, whereas, with Vin = 3V, the maximum and minimum voltage across C1 is 2.82 V and -5.64 V which is large enough for complete switching. I. CONCLUSION
In this paper, we proposed that the step-up DC-DC converter implemented with a ferroelectric capacitor results in higher output power compared to linear capacitor of similar value. This is because of switching current in ferroelectric capacitor due to polarization reversal. The output power in these converters depends on variables such as input voltage, clock frequency and load resistor values. 
